We begin the search for extremely-low mass (M ≤ 0.3M , ELM) white dwarfs (WDs) in the southern sky based on photometry from the VST ATLAS and SkyMapper surveys. We use a similar colorselection method as the Hypervelocity star survey. We switched to an astrometric selection once Gaia Data Release 2 became available. We use the previously known sample of ELM white dwarfs to demonstrate that these objects occupy a unique parameter space in parallax and magnitude. We use the SOAR 4.1m telescope to test the Gaia-based selection, and identify more than two dozen low-mass white dwarfs, including 6 new ELM white dwarf binaries with periods as short as 2 h. The better efficiency of the Gaia-based selection enables us to extend the ELM Survey footprint to the southern sky. We confirm one of our candidates, J0500−0930, to become the brightest (G = 12.6 mag) and closest (d = 72 pc) ELM white dwarf binary currently known. Remarkably, the Transiting Exoplanet Survey Satellite (TESS) full-frame imaging data on this system reveals low-level (< 0.1%) but significant variability at the orbital period of this system (P = 9.5 h), likely from the relativistic beaming effect. TESS data on another system, J0642−5605, reveals ellipsoidal variations due to a tidally distorted ELM WD. These demonstrate the power of TESS full-frame images in confirming the orbital periods of relatively bright compact object binaries.
INTRODUCTION
The single-star evolution of a solar-metallicity main sequence star with mass below about 8 M typically results in the formation of a CO-core white dwarf with mass of around 0.6-0.8 M or an ONe-core white dwarf with mass of around 1.0 M (Woosley & Heger 2015; Lauffer et al. 2018) . The formation of low mass He-core white dwarfs (M < 0.5 M ) requires that the progenitor loses a significant amount of mass while on the red giant branch. This mass loss can occur in metal-rich singlestars (Kilic et al. 2007) or in close binary systems, in which the companion strips the low-mass white dwarf progenitor of its outer envelope before it begins Helium burning.
Extremely Low Mass white dwarfs (ELM WDs) are a relatively rare population of M ≤ 0.3M He-core white dwarfs that form after severe mass loss. Because the main sequence lifetime of an ELM WD progenitor through single-star evolution is longer than a Hubble time, these ELM WD systems must form through binary interaction, typically following one of two dominant evolutionary channels: Roche lobe overflow or commonenvelope evolution (Li et al. 2019) . While almost all of the known ELM WD systems are found in compact binaries, Justham et al. (2009) predict a population of single ELM WDs that are the surviving cores of giant stars whose envelope was stripped by a companion during a supernova explosion.
In support of binary evolution models, virtually all known ELM WDs are found in binary systems, with about half of the known systems expected to merge within a Hubble time due to the emission of gravitational waves (Kilic et al. 2010; Brown et al. 2010 Brown et al. , 2020 . Compact double-degenerate merging systems are the dominant sources of the gravitational wave foreground at mHz frequencies (Nelemans et al. 2001; Nissanke et al. 2012; Korol et al. 2017; Lamberts et al. 2019) . Identification of additional merging systems allows for better characterization of the gravitational wave foreground for the upcoming Laser Interferometer Space Antenna (LISA) mission. At the time of writing, three of the strongest seven LISA calibration sources are compact double-degenerate binaries, all of which contain an ELM WD (Brown et al. 2011; Kilic et al. 2014; Burdge et al. 2019) .
The fate of ELM WD systems is strongly dependent on the mass ratio of the stars in the system. The system's mass ratio determines whether eventual mass transfer is stable or unstable (Marsh et al. 2004; Kremer et al. 2017) , which then determines the system's merger timescale and merger outcomes. Potential out- Figure 1 . Target selection region for the VST ATLAS data set as described in the text. The colored dots mark every ATLAS object with 15 < g0 < 20 mag and with a followup spectrum (green points satisfy the target selection region shown in blue bounds, and blue points are outside of our final target list), black dots are all other objects in ATLAS, restricted to 17.5 < g < 19.5 mag for sake of clarity. We overplot the DA white dwarf cooling tracks for log g=5,6,7 as magenta lines. Excluding objects visually identified as "bad" (close doubles, objects in globular clusters, etc.), our spectroscopic follow-up is 89% complete in the range 16 < g0 < 20 mag.
comes for these merging systems include: single massive white dwarfs, supernovae, Helium-rich stars such as R CorBor stars, and AM CVn systems. While it is generally thought that stable mass transfer results in an AM CVn, Shen (2015) have shown that, through dynamical friction caused by nova outbursts, all interacting double-degenerate white dwarf systems may merge (see also Brown et al. 2016b) . To fully understand the formation channels of these various merger outcomes, a more complete sample of merging progenitor systems is needed. Because ELM WD systems are signposts for compact binary systems, increasing the ELM WD sample directly improves the sample of merging systems.
Previous surveys targeting ELM WDs have taken advantage of the abundance of photometric measurements of the northern sky to select candidate systems for follow-up observations. At the conclusion of the ELM Survey, Brown et al. (2020) have identified 98 doubledegenerate white dwarf binary systems through careful photometric cuts in SDSS photometry, which account for over half of the known double-degenerate systems in the Galaxy. With almost all of the currently known ELM systems located in the northern sky, we begin the search for ELM systems in the southern sky with two different target selection methods based on ATLAS, SkyMapper, and Gaia photometry.
The layout of this paper is as follows. In section 2, we begin by discussing our ATLAS+SkyMapper color target selection method and observations. We discuss results and briefly comment on its detection efficiency. In section 3, we discuss our Gaia parallax target selection method and discuss the results and efficiency. Finally, we summarize our conclusions in section 4.
A SURVEY BASED ON ATLAS & SKYMAPPER COLORS
The ELM Survey has been successful at identifying a large number of double white dwarfs based on the Sloan Digital Sky Survey (SDSS) photometry. The u − g and g − r colors are excellent indicators of surface gravity and temperature, respectively. With the availability of the u−band data from the VST ATLAS and SkyMapper surveys in the southern sky, we based our target selection on color cuts to the VST ATLAS Data Release 2 and Data Release 3 (Shanks et al. 2015) and SkyMapper Data Release 1 (Wolf et al. 2018).
ATLAS Color Selection
VST ATLAS is a southern sky survey designed to image 4,500 deg 2 of the southern sky at high galactic latitudes in the SDSS ugriz filter set with similar limiting magnitude to SDSS (r ∼ 22). With the release of DR3 in March 2017, each filter has a total southern sky coverage of ≈ 3, 000 − 3, 700 deg 2 .
We constructed our color cuts based on the results of the previous ELM WD (Brown et al. 2016a) and Hypervelocity Star (Brown et al. 2014) surveys. We defined our color cuts to include the region of color-space including late-B type hypervelocity star candidates, which coincidentally overlaps with the low-mass white dwarf evolutionary tracks. Figure 1 shows our color selection region.
To construct our VST ATLAS DR2+DR3 sample, we first de-reddened and converted the native ATLAS colors into SDSS (u 0 , g 0 , r 0 , and i 0 ) using reddening values of Schlegel, Finkbeiner, & Davis (1998) and color conversion equations of Shanks et al. (2015) . We exclude targets located along the line of sight to the Galactic bulge and restricted target g 0 magnitude to 15 ≤ g 0 < 20. We remove quasars from the list by imposing a cut on r − i, and limit our sample to objects with 11, 000 K T eff 22, 000 K by imposing a g − r color cut. While our temperature limits are chosen to avoid contamination from sdA and sdB stars, which are generally found outside of this temperature range, such a temperature cut introduces a selection bias against 
SkyMapper Color Selection
SkyMapper is a southern sky survey designed to image the entire southern sky in the uvgriz filter set. SkyMapper DR1, released June 2017, provides data on over 20,000 deg 2 of the southern sky, with approximately 17,200 deg 2 covered by all six filters. SkyMapper DR1 is a shallow survey with limiting magnitude around 17.75 for each filter.
From the SkyMapper DR1 dataset, we selected all objects with E(B − V ) < 0.1 and stellarity index class star > 0.67, where class star = 1.0 represents a star. We then removed targets along the line of sight of the Galactic Bulge and the Large and Small Magellanic Clouds. Finally, we de-reddened and applied the following color cuts in the native SkyMapper uvgriz system (Bessell et al. 2011) to create a clean sample. Figure 2 shows our target selection region.
Observations
Because the previously known ELM WDs in the main survey (Brown et al. 2020) display an average 240 km s −1 velocity semi-amplitude, our observation setup is optimized to obtain radial velocity uncertainty of 10 km s −1 , which allows for reliable orbital solutions. We initially observed candidates based on color information. We perform atmospheric fits to each target at the end of each night. Targets with atmosphere solutions con-sistent with ELM WDs are followed up with at least eight radial velocity measurements, including back-toback exposures and exposures separated by 1 day to search for short and long-period variability. After our initial measurements, we then attempt to sample the fitted RV curve to reduce period aliasing.
Our target selection and observing strategy lead to a bias against the ELM WDs that form through the stable Roche Lobe overflow channel (see figure 10 in Li et al. 2019) . Some of these are predicted to be found in longer period systems with lower velocity semiamplitudes. Our observing strategy works well for the ELM WDs that we discover, but we are less likely to find the longer period systems by design.
A summary of our observing setup for each our AT-LAS+SkyMapper target list is available in Table 1 .
We observed 532 unique systems over 14 nights across three observing campaigns on March 2017 (NOAO Program ID: 2017A-0076), August 2017 (NOAO Program ID: 2017B-0173), and March 2018 (NOAO Program ID: 2018A-0233) using the SOAR 4.1-meter telescope located on Cerro Pachón, Chile. We used the Goodman high throughput spectrograph (Clemens et al. 2004) with the blue camera and 0.95 or 1.01 slits with 930 lines mm −1 grating resulting in spectral resolution of ≈2.5Å covering the wavelength range 3550 -5250Å, which includes all of the Balmer lines except Hα. To ensure accurate wavelength calibration, we paired each target exposure with an FeAr or FeAr+CuAr calibration lamp exposure. We obtained multiple exposures of spectrophotometric standard stars each night to facilitate flux calibration. The median seeing for each night ranged from 0.8 − 1.0 .
We observed 134 additional systems using the Walter Baade 6.5-meter telescope with the MagE spectrograph, located at the Las Campanas Observatory on Cerro Manqui, Chile. We used the 0.7 slit with the 175 lines mm −1 grating resulting in spectral resolution of ≈1.0Å covering 3,600 -7,000Å.
We observed 12 additional systems using the Fred Lawrence Whipple Observatory (FLWO) 1.5-meter Tillinghast telescope with the FAST spectrograph, located on Mt. Hopkins, Arizona. We used the 1.5 or 2.0 slits with the 600 lines mm −1 grating resulting in spectral resolution of ≈1.7Å or ≈2.3Å between 3,600Å -5,400Å.
We observed 31 additional systems using the MMT 6.5-meter telescope with the Blue Channel Spectrograph, located on Mt. Hopkins, Arizona. We used the 1.0 or 1.25 slits with the 832 lines mm −1 grating resulting in spectral resolution of 1.0Å or 1.2Å covering the wavelength range 3,500 -4,500Å.
Radial Velocity & Orbital Fits
We used the IRAF cross-correlation package (RVSAO, Kurtz & Mink 1998) to calculate radial velocities. For each object, we first cross-correlated all spectra with a low-mass white dwarf template and then summed them to produce a zero-velocity spectrum unique to that object. We then measured radial velocities for each exposure against the object-specific zero-velocity template and corrected for the Solar System barycentric motion. We obtained median radial velocity uncertainty of 10 km s −1 . To confirm the binary nature of our candidates, we performed orbital fitting to radial velocity measurements using a Monte Carlo approach based on Kenyon & Garcia (1986).
Stellar Atmosphere Fits
We obtained stellar atmosphere parameters by fitting all of the visible Balmer lines Hγ to H12 in the summed spectra to a grid of pure-Hydrogen atmosphere models that cover the range of 4,000 K ≤ T eff ≤ 35,000 K and 4.5 ≤ log g ≤ 9.5 and include Stark broadening profiles of Tremblay & Bergeron (2009). Extrapolation was performed for targets with temperatures or log g outside of this range. Specifics for our fitting technique can be found in detail in Gianninas et al. (2011 Gianninas et al. ( , 2014 . For the systems in which the Ca II K line is visible, we mask out the data in the wavelength region surrounding and including the Ca II 3933.66Å line from our fits.
ELM WDs in ATLAS+SkyMapper
We fit pure-Hydrogen atmosphere models to all 709 unique targets that show Balmer lines and note that only 33 of these systems are consistent with ELM WD temperature and surface gravity.
Of these systems, J0027−1516 and J1234−0228 are previously published ELM WDs (Brown et al. 2020; Kilic et al. 2011) . We obtained follow-up spectra and constrained the orbit of three of these systems and confirm that two (J123619.70−044437.90 and J151447.26−143626.77) are ELM WDs, while the third system (J142555.01−050808.60) is likely a metal-poor sdA star. We briefly discuss J1425−0508 in the following section. Figures 3 and 4 show our orbital and model atmosphere fits for J1236−0444 and J1514−1436.
J1236−0444 is an ELM WD with best-fit atmosphere solution of log g = 6.28 ± 0.02 and T eff = 11,100 ± 110 K. Istrate et al. (2016) He-core ELM WD evolutionary tracks indicate that J1236−0444 is a 0.156±0.01 M white dwarf. Orbital fits to the 17 radial velocity measurements give a best-fit period of 0.68758 ± 0.00327 d with velocity semi-amplitude of 138.0 ± 6.6 km s −1 J1514-1436 J1236-0444 ( Figure 3 , left). Using the binary mass function
with primary ELM WD mass M 1 , orbital period P , velocity semi-amplitude K, and inclination i = 90 • , we calculate the minimum companion mass M 2,min = 0.37 ± 0.04 M . J1514−1436 is an ELM WD with best-fit atmosphere solution of log g = 5.91 ± 0.05 and T eff = 9,170 ± 30 K. Istrate et al. (2016) He-core ELM WD evolutionary tracks indicate that J1514−1436 is a 0.167±0.01 M white dwarf. Orbital fits to the 16 radial velocity measurements give a best-fit period of 0.58914 ± 0.00244 d with velocity semi-amplitude 187.7 ± 6.6 km s −1 (Figure 3 , right). The minimum companion mass for this system is 0.64 ±0.06 M .
The orbit of compact double degenerate systems slowly decays due to the loss of angular moment caused by the emission of gravitational waves (Landau & Lifshitz 1958) . The merger timescale of these systems can be calculated if the mass of each object and their orbital period is known by using the equation
where M 1 and M 2 are the ELM WD and companion star masses in solar masses, and P is the period in hours. We use Equation 2 together with the minimum companion mass, M 2,min , to estimate the maximum merger time for these systems. Neither J1236−0444 nor J1514−1436 will merge within a Hubble time.
sdAs in ATLAS+SkyMapper
In addition to cool ELM WDs, there exists a large population of subdwarf A-type (sdA) stars with 7, 000 K < T eff < 20, 000 K (with most below 10,000 K) and 4.5 < log g < 6.0 (Kepler et al. 2016; Pelisoli et al. 2018a ) that are often confused with ELM WDs in lowresolution spectroscopy. Brown et al. (2017) and Pelisoli et al. (2018a,b) have shown that the surface gravities derived from pure-hydrogen atmosphere model fits suffer from up to 1 dex error for sdA stars. This is likely due to metal line blanketing that is missing in the pure- hydrogen atmosphere models and the lower signal-tonoise ratio of observed spectra below 3,700Å.
We note that while 33 of our objects appear to have atmospheres consistent with ELM WDs, 29 are cool (T eff < 10, 000 K) and share their parameter space with sdA stars. Yu et al. (2019) have shown through binary population synthesis that only 1.5% of sdA stars in a 10 Gyr old population are ELM WDs, with the remaining 98.5% being metal-poor main sequence stars (see also Pelisoli et al. 2018a Pelisoli et al. , 2019 . Therefore, the majority of our 29 candidates with log g = 5 − 7 and T eff = 8, 000 − 10, 000 K are likely metal-poor mainsequence stars.
We obtained 25 radial velocity measurements for one of these candidates, J1425−0508. Figure 5 displays our best-fit model atmosphere and orbital fits. J1425−0508 is best-explained by a 8,570 K and log g = 5.59 model based on the assumption of a pure Hydrogen atmosphere. Our radial velocity measurements result in the best-fit period of 0.798 ± 0.005 d with velocity semiamplitude K = 54.1 ± 3.4 km s −1 . As demonstrated by Brown et al. (2017) and Pelisoli et al. (2018a) , the surface gravity for such a cool object is likely overestimated, and the relatively low semi-amplitude of the velocity variations and the Gaia parallax of 0.25 ± 0.08 mas favors a low-metallicity main-sequence sdA star, rather than a cool ELM WD.
Given the problems with distinguishing ELM WDs from sdAs, we use the eclipsing system NLTT 11748 (Steinfadt et al. 2010 ) as a prototype to estimate the radii of each our candidates. NLTT 11748 is a wellstudied eclipsing ELM WD system with T eff ≈ 8, 700 K and R ≈ 0.043 R (Kaplan et al. 2014). We use a similar approach to what is done by Brown et al. (2020) and compare the Gaia parallax for each candidate with its predicted parallax if it were similar in na- ture to NLTT 11748, obtained by inverting the distance calculated from the candidate's apparent magnitude and the absolute magnitude of NLTT 11748. This comparison provides a radius estimate relative to a known ELM WD. Figure 6 shows the comparison between predicted parallax and Gaia parallax for each of our 29 candidates with the 1:1 and 50:1 lines overplotted. We note that most candidates are consistent with the 50:1 line to within 2σ, suggesting that they are ∼50 times larger than NLTT 11748 with radii R∼2 R . J0155-4148 is a strong ELM WD candidate; it lies along the 4:1 line with a radius compatible with an ELM WD. We note that there are four additional candidates that are consistent with the 1:1 line, but their Gaia parallax values are uncertain with parallax over error<2. We will present our follow-up observations of J0155−4148 in a future publication.
Survey Efficiency
From our ATLAS+SkyMapper color-selection method, we observed 709 unique systems. Of these systems, we confirm only four to contain an ELM WD, two of which were previously known. In addition to these four confirmed ELM WDs, we report 123 DA white dwarfs with log g > 7.0 (Table 4 ) and 29 additional candidates with 5.0 < log g < 7.0 (Table 5) . This low efficiency in our photometric selection may be due to potential color calibration issues in the ATLAS DR3 dataset. In addition, the low efficiency of the SkyMapper selection is likely due to the shallow depth of the SkyMapper DR1, which limits the survey volume for ELM WDs. Figure 7 shows the distribution of temperatures and surface gravities for all targets observed as a part of our ATLAS + SkyMapper color selection with log g ≥ 5.0. We mark the locations of the four observed ELM WD systems with red stars. We overplot the 0.2 M (light blue) and 0.3 M (purple) WD evolutionary tracks of Istrate et al. (2016) .
In total, we confirm that only four of our systems (plus the candidate system J0155−4148) contain an ELM WD, two of which are new discoveries. Our ATLAS + SkyMapper target selection method has an ELM WD detection efficiency of ∼0.6% and a white dwarf detection efficiency of about 18%, making the majority of our targets unaligned with our targets of interest.
We note that all four of our confirmed ELM WDs originated from our ATLAS sample. Given the surface density of ELM WDs between 17 < g < 20 in the SDSS footprint, we expect to find ∼10 ELM WDs in our observed ATLAS sample. However, the spatial distribution of our candidates varied systematically over the ATLAS DR3 footprint, suggesting that photometric calibration in the VST ATLAS DR3 varied across the survey. Similarly for the 15 < g < 17 ELM WD sample in the SDSS footprint, we expect to find one ELM WD within our observed SkyMapper sample. While we have not yet confirmed the nature of J0155−4148, this system originated from our SkyMapper sample and is likely an ELM WD. Our SkyMapper results are consistent with what is expected given the lower limiting magnitude.
GAIA PARALLAX BASED SELECTION
The availability of Gaia DR2 in April 2018 opened a new window on ELM WD target selection. Gaia photometry and parallax measurements provide a direct measurement of the luminosity of each object, enabling a clear distinction between low-luminosity WDs and brighter main-sequence stars. ELM WDs are a few times larger in radii compared to average 0.6 M WDs at the same temperature (color), but they are still significantly smaller than A-type stars. Hence, Gaia parallaxes provide a powerful method to create relatively clean samples of ELM WDs (see also Pelisoli & Vos 2019), and also for the first time enable an all-sky survey.
Since the ELM Survey has already observed the SDSS footprint, here we focus on the southern sky, but exclude the Galactic plane (|b| < 20 • ) due to significant extinction and avoid the Small and Large Magellanic Clouds. We also apply cuts to astrometric noise and color excess based on recommendations from Lindegren et al. (2018) . Figure 8 shows the distances and Gaia magnitudes for sources with −0.4 < G BP − G RP < 0.2. This color range corresponds to T eff = 8, 000 − 25, 000 K, where Balmer lines are relatively strong. Green lines mark the region for M G = 6.0 − 9.7 mag objects, and blue and red triangles mark the previously confirmed normal WDs and ELM WDs in this magnitude range, respectively. Magenta triangles mark other types of previously known objects, like subdwarf B stars and cataclysmic variables (CVs).
For a more intuitive look at our target selection region, we plot the same sample on a color-magnitude diagram in Figure 9 . The WD sequence stretches from M G = 10 mag on the left to about 12 mag on the right. Our Gaiaselected targets are all over-luminous compared to this sequence and are dominated by relatively hot WD candidates with bluer colors. Since we did not impose a cut on parallax errors, the top right portion of this diagram is dominated by non-WD stars that are scattered into this region due to large parallax errors.
To minimize contamination from main-sequence stars, we limit our target selection to the region defined by parallax-distance (1/ ) < 1.2 kpc, and to remove potential contamination from poorly-calibrated colors on fainter targets, we limit the apparent Gaia G-band magnitude to G < 18.6 mag. Because normal WDs dominate at larger absolute magnitudes, we impose an absolute Gband magnitude limit of M G < 9.7 to avoid large numbers of normal WDs. Our Gaia target selection resulted in 573 candidates, 180 of which were also identified by Pelisoli & Vos (2019) 
We observed a total of 82 unique systems over four consecutive nights in March 2019 (NOAO Program ID: 2019A-0134). All observations were taken with the SOAR 4.1-meter telescope using the Goodman Blue Spectrograph with the 1.01 long-slit resulting in a spectral resolution of 2.6Å covering the wavelength range 3550Å -5250Å. Median seeing for each night was between 0.8 − 1.0 arcsec. Radial velocities, orbital solu- Figure 9 . Color-magnitude diagram corresponding to our Gaia parallax selection described in text. The symbols are the same as in Figure 8 . We select objects with Gaia magnitude MG = 6.0 − 9.7 mag. tions, and model atmosphere fits were obtained identically to as described in section 2.
Results
We fit pure-Hydrogen atmosphere models to all 82 targets and identify six systems consistent with ELM WDs. Figure 10 shows our model fits to the Balmer line profiles for these six systems. All six are hotter than 10,000 K, have log g = 5−7, and show significant velocity variability. However, we were only able to constrain the orbital period for four of these systems so far. Details for each system are discussed below. 2018) suggested that the system contains an ELM WD and estimate atmospheric parameters log g ≈ 6 − 6.5 and T eff = 11,880 ± 1,100 K.
We obtained log g = 6.39 ± 0.02 and T eff = 10,810 ± 40 K from fitting our SOAR spectra with pure H atmosphere models, in agreement with the original estimates of Scholz et al. (2018) . We obtained seven radial velocity measurements of J0500−0930 with SOAR 4.1meter telescope using the Goodman spectrograph, 50 with the FLWO 1.5-meter telescope using FAST, and one with the MMT 6.5-meter telescope with the Blue Channel Spectrograph. Fitting an orbit to this combined dataset of 58 spectra resulted in a best-fit period of P = 0.39435±0.00001 d with velocity semi-amplitude Figure 10 . Normalized Balmer line profiles for the six new ELM WD systems identified through our Gaia DR2 parallax selection. Best-fit pure-Hydrogen atmosphere models are overplotted in red with best-fit parameters printed in each subfigure. The Ca II K line at 3933.66Å in the wing of H is masked from fits where it is visible. Line profiles are shifted vertically for clarity. Due to lower signal-to-noise, we limit our fitting of J1239−2041 to include only up to H10. K = 146.8 ± 8.3 km s −1 (Figure 11) . We use the ELM WD evolutionary models of Istrate et al. (2016) to estimate its mass to be 0.163 ± 0.01 M and calculated its minimum companion mass to be 0.30 ± 0.04 M , potentially making this a double low-mass WD system. With apparent Gaia G-band magnitude of 12.6 and Gaia parallax of 13.97 ± 0.05 mas, this is currently both the brightest and closest known ELM WD system. This system will not merge within a Hubble time.
J0500−0930 was within the field of view of the Transiting Exoplanet Survey Satellite (TESS, Ricker et al. 2015) during Sector 5 observations. TESS provides Full-Frame Images (FFIs) of each sector at 30-minute cadence over a roughly 27 d observing window. We used the open source Python tool eleanor (Feinstein et al. 2019) to produce a light curve for J0500−0930. We downloaded a time series of 15 pixels by 15 pixels "postcards" containing TESS data for the target and its immediate surroundings from the Mikulski Archive at the Space Telescope Science Institute (MAST). We then perform background subtraction, aperture photometry, and correct for instrumental systematic effects. We use the corrected flux measurements with data quality flags set to 0 to remove data points that are affected by is- Figure 11 . Best-fit orbital solutions plotted as a function of phase to the four constrained ELM WD systems based on data from SOAR, FLWO, and MMT. A table of radial velocity measurements is available in the Appendix. sues like attitude tweaks or cosmic rays (Feinstein et al. 2019) . Figure 12 shows the TESS FFI light curve of J0500−0930 and its Fourier Transform. Remarkably, there is a small (0.042 ± 0.004%) but significant peak at a frequency of 2.5377±0.0021 cycles d −1 . This frequency is within 1σ of the orbital frequency measured from our radial velocity data. The predicted amplitude of the relativistic beaming effect in J0500−0930 is ∼ 0.1% (Shporer et al. 2010) . However, since the TESS pixels are relatively large (21 arcsec pixel −1 ) and 90% of the point spread function is spread over 4 pixel 2 , dilution by neighboring sources is common in the TESS data. There are two relatively red sources with G RP = 16.0 and 16.9 mag within a 2 pixel radius of J0500-0930 that likely dilute the variability signal. Hence, the observed photometric variability is consistent with the relativistic beaming effect, confirming our orbital period measurement from the radial velocity data. J0517−1153 J051724.97−115325.85 has a best-fit atmosphere solution of log g = 5.82 ± 0.02 and T eff = 14,780 ± 70 K (Figure 10 ), making this a clear ELM WD system. We obtained 13 spectra of this object over four nights and detect significant radial velocity variations. However, due to significant period aliasing in the best-fit orbit, further follow-up is required to constrain its orbit and determine companion mass and merger time. TESS full-frame images on J0517−1153 does not reveal any significant photometric variability. J0642−5605 J064207.99−560547.44 is an ELM WD with log g = 5.08±0.02 and T eff = 10,460 ± 70 K ( Figure 10) . We obtained 14 spectra, resulting in best-fit orbit with period P = 0.13189 ± 0.00006 d and velocity semi-amplitude K = 368.0 ± 27.0 km s −1 (Figure 11 ). The minimum companion mass is 0.96 ± 0.17 M . J0642−5605 will merge within 1.3 Gyr.
J0642−5605 is within the continuous viewing zone of the TESS mission, and was observed as part of Sectors 1-13, except Sector 7. Figure 13 shows the TESS FFI light curve of J0642−5605 obtained over almost a year, and its Fourier Transform. This WD shows 0.437±0.004% photometric variability at a frequency of 15.17828 ± 0.00001 cycles per day, which is roughly twice the orbital frequency measured from our radial velocity data. In addition, there is a smaller but significant peak at the orbital period of the system as well. Hence, TESS data not only confirm the orbital period, but also reveal variability at half the orbital period, revealing ellipsoidal variations in this system. These variations are intrinsic to the source, and are also confirmed in the ASAS-SN data (Kochanek et al. 2017 ). J0650−4925 J065051.48−492549.46 is an ELM WD with best-fit atmosphere solution of log g = 5.47 ± 0.03 and T eff = 11,210 ± 90 K (Figure 10 ). From our 13 radial velocity measurements, we obtained a best-fit orbital period (Figure 11 ). The minimum companion mass is 0.67 ± 0.21 M . J0650−4925 will merge within a Hubble time, with a maximum gravitational wave merger time of 3.6 Gyr. TESS full-frame images on J0650−4925 does not reveal any significant photometric variability. J0930−8107 J093008.47−810738.32 is an ELM WD with best-fit atmosphere solution of log g = 6.14 ± 0.02 and T eff = 23,350 ± 120 K ( Figure 10 ). Fitting 14 radial velocity measurements, we obtained for the best-fit period P = 0.08837 ± 0.00005 d with velocity semi-amplitude K = 212.0 ± 9.0 km s −1 (Figure 11 ). J0930−8107 has a mass of 0.24 ± 0.01 M with minimum companion mass of 0.29 ± 0.02 M , potentially making this a double ELM WD system. J0930−8107 will merge within a Hubble time, with a maximum gravitational wave merger time of 0.9 Gyr.
J0930−8107 is included in Sectors 11, 12, and 13 of the TESS mission full-frame images. The combined light curve and its FT shows a peak at 7.084 cycles per day with 0.035 ± 0.006 amplitude. However, this peak is only visible in the Sector 11 data, indicating that it is most likely not intrinsic to the star. J0930−8107 is the shortest period system presented here, and the observed variability in the TESS data does not match the orbital period (11.3 cycles per day), and is likely caused by contamination from neighboring sources in the TESS images.
J1239−2041 J123950.37−204142.28 has a best-fit atmosphere solution of log g = 7.03 ± 0.04 and T eff = 17,750 ± 210 K ( Figure 10 ). We obtained six spectra of J1239−2041 over three nights and measure significant radial velocity variations. However, due to significant period aliasing, additional follow-up is required to constrain the orbit and determine companion mass and merger time. Based on the Istrate et al. (2016) He-Core ELM WD models, J1239−2041 is a 0.30 ± 0.01 M He-core WD. TESS full-frame images on J1239−2041 does not reveal any significant photometric variability.
Survey Efficiency
We observed 82 unique systems using our Gaia parallax target selection method. Of these 82 systems, six contain an ELM WD based on stellar atmosphere fits. We confirmed all six of these to be in compact binary systems and obtained precise orbital periods for four systems, two of which will merge within a Hubble time. In addition to the six new ELM systems, we identify 49 white dwarfs (Table 6) , 20 of which are low-mass (0.3M ≤ M WD 0.5M ), seven subdwarf B stars (Table 7) , and four emission-line systems. We present the spectra of the emission line systems in the appendix (Figure 15 ). We note that 37 of the 49 white dwarfs in Table 6 are hotter than 25,000 K, the upper limit of our target selection criterion. We believe this is due to reddening. Since extinction correction is problematic in Gaia filters, it is not surprising that we are finding a large number of hot WDs contaminating our sample. The reduced spectra used for atmosphere and orbital fitting for all targets published here is archived in Zenodo 1 in FITS format (Kosakowski et al. 2020 ). 
SUMMARY & CONCLUSIONS
We present the results from a targeted survey for ELM WDs in the southern sky using two different techniques. Prior to the Gaia DR2, we relied on photometry from the VST ATLAS and SkyMapper surveys to select blue stars with low-surface gravity. We note that the VST ATLAS DR4, released April 2019, offers an improved calibration based on Gaia photometry and a larger southern sky footprint over DR2+DR3 used in our survey. Similar to VST ATLAS DR4, SkyMapper DR2 provides not only an extended southern sky footprint, but deeper photometry in the uvgriz bands with limiting magnitudes of about 19 mag in the g and r filters.
With the release of Gaia DR2 astrometry, we developed a new target selection method using Gaia parallax measurements and tested it in March 2019 using 82 objects. We identified 6 new ELM WD binary systems and 20 additional systems with M < 0.5M , which correspond to ∼ 7% and ∼ 32% efficiency for ELM and lowmass WDs with M < 0.5M , respectively. In total, we identified eight new ELM WD systems, and constrained the orbital parameters for six of these systems, three of which will merge within 4 Gyr. We present a summary of the physical and orbital parameters for these eight new ELM WD systems in Tables 2 and 3, respectively. While it appears that Gaia parallax is an efficient method for targeting ELM WDs, we note that Pelisoli & Vos (2019) have created a target list of 5672 (including 2898 with Dec< 0 • ) ELM WD candidates based on Gaia colors and astrometry with no restrictions on reddening. Five of our eight new ELM WD systems are also included in Pelisoli & Vos (2019) as ELM WD candidates, but three are missing from their catalog as Pelisoli & Vos (2019) applied stricter cuts to create their catalog. In addition to these five ELM systems, 27 of our other targets with SOAR spectra were also included in Pelisoli & Vos (2019) . Almost all of these are normal DA white dwarfs or sdB stars, indicating a non-negligible contamination of their ELM candidate list.
The shortest period ELM WD binaries will serve as multi-messenger laboratories, when they are detected by the Laser Interferometer Space Antenna (LISA). Hence, the discovery of additional systems now is important for characterizing such systems before LISA is operational. We are continuing to observe the remaining Gaia selected targets in our sample, and along with the eclipsing and/or tidally distorted ELM WD discoveries from the Zwicky Transient Facility (Burdge et al. 2019b) and the upcoming Large Synoptic Survey Telescope, we hope to significantly increase the known population of ELM WDs in the next few years.
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